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Abstract: In this paper, we propose an RM(radius measurement) AOI(automatic optical inspection) method to determine the 
suitability of the FPCB(flexible printed circuit board) bending process for zero bezel OLED(organic light emitting diode). 
Recently, OLED has become the mainstream of mobile displays, and it is possible to realize a flexible display that can 

flexibly bend the screen. In particular, in order to increase the size of these displays, the zero bezel technology that reduces 
the bezel as much as possible is attracting attention. Mass production and quality uniformity are required through AOI 
inspection after bending. We develop an algorithm for RM AOI, apply non-linear optimization to improve inspection 
performance, and verify through experiments. 
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1. Introduction 

In modern factories, and in factories of the future, much more will be done by autonomous machines using 

visual feedback [1]. Visual feedback can be used to navigate the workspace, avoid obstacles, and identify and 

locate parts. Standard area scan cameras and RGB cameras in various vision technologies such as structured 

lighting, time-of-flight and laser triangulation, line can cameras, stereo vision and monocular vision are widely 

used in the industry for inspection and quality control processes[2], [3]. And many advanced quality inspection 

methods have been proposed, including deep learning methods [4]. 

Automated visual inspection is one of the innovations for machine development. These systems are widely 

used in industrial applications such as identification[5] of industrial instruments, measurement, classification of 

objects[6], automatic inspection[7], rejects[8] or tools. This helps the system to maintain the best accuracy 

performance [9], reliable [10] and low cost with the results obtained in real time. Image processing innovations 

are faster and require no human monitoring [11-12]. 

In this paper, for the manufacture of Zero Bezel smartphone employing flexible OLED, we develop an 

algorithm to determine the curvature test after automated bending of FPCB. The inspection process, which was 

performed manually, requires AOI especially for the automated process. It implements inspection (RM, Radius 

Measurement) of acceptance through AOI of these bending results and improves measurement performance 

through optimization. 

2. FPCB Bending for Zero Bezel OLED 

With the recent changes in OLED, it has become the mainstream of mobile displays with excellent picture 

quality, thin thickness, and light weight, and it is possible to implement flexible displays that can flexibly bend 

the screen. Existing displays, such as liquid crystal displays (LCDs), are very difficult to bend, fold, roll, or even 

stretch like fibers. 

 
Figure 1.Various form factor [13] 
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Traditional OLEDs are called rigid OLEDs. The reason why it is hard is that the lower substrate of the 

display and the encapsulating material that plays a protective role are glass. The so-called form factor innovation 

that freely implements the form of mobile devices such as smartphones is difficult to implement with rigid 

OLEDs. A technology that uses Flexible OLED to round both the left and right sides of the device with a steep 

edge has been developed. In addition to this flexible OLED, in particular, Zero Bezel technology, which reduces 

the bezel as much as possible to increase the size of the display, is in the spotlight. 

In order to manufacture a Zero Bezel smartphone employing flexible OLED, it is necessary to develop a 

device that can automatically bend FPCB, which was previously performed manually. In this case, the 

radiusshould be 0.3mm or less and it is important to minimize the curvature below 0.3mm. Inspection (RM, 
Radius Measurement) of these bending results through AOI is a necessary process for mass production and 

quality uniformity. 

The FPCB bending machine used in this paper is as follows. 

 

 
Figure 2.FPCB bending machine 

 

There are a camera for positioning in 12 o’clock direction. The camera for curvature measurement AOI is 

located in the 3 o'clock direction, and when the object moves to the reference positionin stage01, bending is 
performed in stage02. This equipment is applied to the tab process in the OLED manufacturing,which is a 

facility that automatically bends the FPCBattached and a camera in 3 o’clock direction decides the production 

quality in the tab process. 

The tab process during the OLED manufacturing is performed after four steps(1. glass inspection, 2. photo/TFT 

(Thins Film Transistor) process, 3. evaporation process, and 4. aging process), and RM AOI inspection is 

performed after bending in the tab process. 
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Figure 3.OLED manufacture 

 

3. RM AOI Algorithm 

For bending, first, the FPCB is closely attached to the pad by vacuum, and when the spindle equipped with 

the vacuum pad fixture rotates slowly based on the bending center A, the FPCB contacts the round bar at point 

C. When contact with the round bar starts, in order to minimize the phenomenon that the round bar is pushed in 

the X-axis direction, the bending operation is performed along the circumference of the round bar at point f as 

bending proceeds along the circumference of the round bar while reducing the feed angular velocity of the X 

axis to the maximum. At this time, the FPCB is attached to the FPD(flat panel display) Panel. 

 

 
Figure 4.Bending 

For product recognition and radius measurement in the camera image, first, after recognizing the side of the 

product, the point that meets the leftmost point of the x-axis from the reference point (center) is defined as A, 
and the points that meet below and above the y-axis are defined as B and C, respectively, to define a triangle. 

 

 
Figure 5.Side view of FPCB after bending 



Turkish Journal of Computer and Mathematics Education Vol.13 No. 01(2022), 208-218 
 

211 
 

Research Article  
 

 

The reason to make a triangle by recognizing the three points is to measure the radius of curvature using the 

principle of geometry because there is no guarantee that the result will be an accurate circle even if it is bent to 

make a circle. The radius of curvature can be calculated by finding the radius of the circumscribed circle using 

the completed triangle. 

 

 
Figure 6.Radius of the circumscribed circle 
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The algorithm used to calculate the radius of curvature is as follows. 

 #define SQR(x) ((x)*(x)) 
 doublecircumradius(CPoint A, CPoint B, CPoint C){ 
  doubleax=C.x-B.x; 
  double ay=C.y-B.y; 
  doublebx=A.x-C.x; 
  double by=A.y-C.y; 
  doublecrossab=ax*by-ay*bx; 
  if(crossab!=0){ 
   double a=sqrt(SQR(ax)+SQR(ay)); 
   double b=sqrt(SQR(bx)+SQR(by)); 
   double cx=B.x-A.x; 
   double cy=B.y-A.y; 
   double c=sqrt(SQR(cx)+SQR(cy)); 
   return(0.5*a*b*c/fabs(crossab)); 
  } 
  else 
   return(-1.0); // -1 means computation failure 
 } 
 

The center point recognition acts as an important factor in calculating the radius of curvature. For this, we use 

aligned center point-based recognition and automatic center point recognition method. First, the aligned center 

point-based recognition method is determined by extracting the curved surface and intersection point of the 

product in each direction based on a fixed seed (point). This can be seen as applicable because the real bending 

process includes a pre-aligned step. 

Point p1 = new Point(1000, 270), 
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p2 = new Point(500, 570), 
p3 = new Point(500, 0); 

 

On the other hand, with automatic center point recognition, the center point is determined by recognizing the 

product side edge and generating an appropriate seed (point) based on the extracted center point and extracting 

the intersection point with the curved surface of the product in each direction. 

foreach (Point[] p in new_contours) 
{ 

Moments moments = Cv2.Moments(p, false); 
cx = (int)(moments.M10 / moments.M00); 
cy = (int)(moments.M01 / moments.M00); 

} 
Point p1 = new Point(cx-50, cy), 
p2 = new Point(cx, cy-50), 
p3 = new Point(cx, cy+50); 

 

As a result of measuring the radius in the test bed by using an image, the measured value shows an error 

between the actual values and tends to increase gradually. 

 

 
Figure 7.Real value vs. Measure value 

 

In order to solve this problem, the error can be improved and the measurement performance can be improved 
by applying the linear compensation method. And if the increasing tendency is non-linear, the non-linear error 

improvement is applied by applying the segmented linear compensation method. Finally, in order to optimize the 

linear and non-linear compensation methods, LS(least square) is applied to obtain an optimized parameter value 

based on the measured values. 

  

 

1

2

1

n

i i

i

n

i

i

y y x x

a

x x





 








,  b y ax      (2) 

where y is the average of the actual values, and x is the average of the measured values. 
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4. Test and Validation 

In this paper, product image recognition and radius of curvature measurement were tested in a test bed. The 

test system recognized the edge of the product using a camera and applied an algorithm for measuring the radius 

of a triangular circumscribed circle based on three points extracted from the recognition curve. 

First, it is a center point recognition test, which is a standard for measuring the radius of curvature. The 

aligned center point-based recognition and automatic center point recognition methods are as follows. 

 
(a) Aligned centroid-based recognition 

 
(b) Automatic center point recognition 

Figure 8.Center point recognition 
 

To examine the improvement results after compensation in the test system using AOI equipment, AOI 

improvement using the linear compensation method is as follows. A linear compensation method (
y ax

) was 
applied to fix the measurement error by the camera, and the results were compared with the sum of the error 

squares. 
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Figure 9.Linear compensation data 

 

a was compensated with three values (K:0.85, N:0.91, Q:0.98), and the values of the sum of squares of errors 

were compared. Although the error tends to improve gradually, the actual graph comparison below shows mostly 

a deviation and shows the limitations of the linear compensation method. 

 

 
Figure 10.Linear compensation result 

 

From the error graph in Figure 11, you can see that the slopes above and below the x-axis 10 are different. 

From this, the need for a non-linear method appears, and in this paper, the segmented linear method is used. 
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Figure 11.Linear compensation error 

 

To confirm a more accurate value, it can be seen that the value increases more than twice based on 10 in Figure 

11. From this, the AOI improvement method using the non-linear compensation method compensates by a 

segmented linear method in which compensation of a different slope is applied to each segment, which can be 

applied by dividing an appropriate section and setting a different slope for each section. 

 

 
Figure 12.Nonlinear compensation data 

 

Divide into two sections, 1-9 and 10-20, and apply linear compensation for each section by determining each 

slope. It is the result of compensating for nonlinear E by 1.02/1.06 and for nonlinear H by 0.94/1.19 in Figure 12. 

As a result, it can be confirmed that the sum of squared errors of nonlinear E is smaller than H. 
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Figure 13.Nonlinear compensation result 

 

For more optimized measurement, the values of a  and b  that minimize the sum of squared errors of 

y ax b   are calculated using Eq. 2 based on the given measurement data by applying the LS algorithm. This 

is applied to linear and non-linear compensation to select an optimal solution and compare the results. First, the 

optimal solutions for each methodare found as follows. 

 

 
(a) Optimized linear compensation parameters 
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(b) Optimized nonlinear compensation parameters 

Figure 14.LS optimization 
 

The a  andb values obtained by applying LS to the linear method are 1.043901 and -0.01193. In the case of the 

nonlinear method, the a  and b  values of section 1 (1-9) are 1.100333, -0.17785, and section 2 (10-20) is 

0.971266, 0.353904. When the sum of squared errors of the two methods is calculated, the linearity is about 0.45 

and the nonlinearity is 0.39, which shows that the nonlinear method has the least sum of squares error. These 

values show that the result using LS reduces the sum of squared errors compared to the case where it is not, and 
it can be seen that more optimization is possible in nonlinearity than in linearity. 

 

Figure 15.Optimized compensation by LS 
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5. Conclusion 

In this paper, we propose a radius measurement AOI method to determine the suitability of the FPCB 

bending process and a method for optimizing it. The computer vision system recognizes the side edge of the 

product, measures the radius of curvature, and analyzes it to determine the quality of the product. By applying 

linear and non-linear compensation methods to these tests, the measurement performance is improved and, in 

particular, LS is used to optimize it. When implementing the compensation method, the difference in the degree 

of error compensation of the measurement position is checked based on the error characteristics according to the 

characteristics of the lens. 
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